In addition, both estrogen and progesterone have been shown to play an important role in the formation of gallstones. 3−5 However, the relative risk of gallbladder disease associated with different formulations of oral contraceptives, including newer formulations, is unknown.
Recently, there have been concerns ex pressed in the media about reports of gallbladder disease necessitating cholecystectomy associated with the use of drospirenone, a fourth-generation progestin. 6 Drospirenone combined with ethinyl estradiol is primarily marketed as Yaz and Yasmin in Canada and the United States and is one of the most prescribed oral contraceptives in North America, with worldwide sales of $2 billion in 2009. 7 The scientific evidence on the risk of gallbladder disease associated with drospirenone consists of only anecdotal or spontaneous reports in databases of adverse drug events.
A possible link between drospirenone and gallbladder disease may lead to cholecystectomy and possible surgical complications. 8 If there were a substantial risk of gallbladder disease with drospirenone, this might influence its overall risk-benefit ratio and could prompt physicians to prescribe safer alternatives. Given that women using oral contraceptives have been found to be at increased risk of gallbladder disease compared with women not using oral contraceptives, 4 any excess risk associated with the use of drospirenone merits quantification within the context of a comparative safety study.
Research

CMAJ
Background: Recent concerns have been raised about the risk of gallbladder disease associated with the use of drospirenone, a fourthgeneration progestin used in oral contraceptives. We conducted a study to determine the magnitude of this risk compared with other formulations of oral contraceptives.
Methods:
We conducted a retrospective cohort study using the IMS LifeLink Health Plan Claims Database. We included women who were using an oral contraceptive containing ethinyl estradiol combined with a progestin during 1997-2009. To be eligible, women had to have been taking the oral contraceptive continuously for at least six months. We computed adjusted rate ratios (RRs) for gallbladder disease using a Cox proportional hazards model. In the primary analysis, gallbladder disease was defined as cholecystectomy; in a secondary analysis, it was defined as hospital admission secondary to gallbladder disease.
Results:
We included 2 721 014 women in the cohort, 27 087 of whom underwent surgical or laparoscopic cholecystectomy during the follow-up period. Compared with levonorgestrel, an older second-generation progestin, a small, statistically significant in crease in the risk of gallbladder disease was associated with desogestrel (adjusted RR 1.05, 95% confidence interval [CI] 1.01-1.09), drospirenone (adjusted RR 1.20, 95% CI 1.16-1.26) and norethindrone (adjusted RR 1.10, 95% CI 1.06-1.14). No statistically significant increase in risk was associated with the other formulations of oral contraceptive (ethynodiol diacetate, norgestrel and norgestimate).
Interpretation:
In a large cohort of women using oral contraceptives, we found a small, statistically significant increase in the risk of gallbladder disease associated with desogestrel, drospirenone and norethindrone compared with levo norgestrel. However, the small effect sizes compounded with the possibility of residual biases in this observational study make it unlikely that these differences are clinically significant.
Methods
Data sources
We obtained data from the IMS LifeLink Health Plan Claims Database. This database is the largest of its kind in the United States and captures health information on about 78 million residents representing all geographic areas in the country (midwest, 35%; northeast, 21%; south, 31%; west, 13%). 9 Data are captured longitudinally, with an average enrolment period of two years. 9 Data fields include demographic characteristics (age, sex, geographic location), prescription drugs (drug name, quantity, day supply), diagnoses (using the International Classification of Diseases, ninth revision ) and hospital admissions (including visits to an emergency department and surgical procedures). The database is subject to routine quality checks to ensure the validity and completeness of the data, and it has been used in numerous pharmacoepidemiologic and health outcome studies. 10 In addition, because the data come from more than 104 managed care organizations, they go through rigorous quality checks before they are incorporated in the main database. 
Study cohort and exposure definition
We conducted a retrospective cohort study. We included all women who were using an oral contraceptive containing ethinyl estradiol combined with a progestin during 1997-2009. The progestins studied were norethindrone, ethynodiol diacetate, norgestrel, levonorgestrel, norgestimate, desogestrel and drospirenone.
Cohort entry was defined as the index date (baseline), which occurred after 180 days of continuous exposure to a study drug. We excluded women who had lesser amounts of exposure. To avoid misclassification bias, exposed persontime was computed from the index date. This approach allowed for a sustained exposure period without interruptions.
Cohort members were followed to the end of the study period; to the date they switched to another study drug; to discontinuation of a study drug; to the diagnosis of gallbladder disease; or to the termination of health coverage. Because gallbladder disease has a slow onset, we extended follow-up for an additional six months after cohort members had been censored, to observe any new diagnoses of gallbladder disease that may have developed after a study drug was stopped.
Outcome measures
For the primary analysis, the outcome of gallbladder disease was defined as having had a cholecystectomy. Information on cholecystectomies was ascertained using Current Procedural Terminology (CPT) codes for both surgical and laparoscopic cholecystectomies (CPT codes 47600, 47605, 47610, 47612, 47620, 47562, 47563, 47564, 49310, 56340 and 56341). These procedure codes are used by surgeons to be reimbursed for their services. They have been shown to be well correlated with gallbladder disease and have been used as a marker in previous epidemiologic studies. 11 For the secondary analysis, we considered the outcome as all hospital admissions secondary to gallbladder disease (ICD-9 codes 574 and 575).
Statistical analysis
We used the Cox proportional hazards model to estimate hazard ratios for gallbladder disease (cholecystectomy or hospital admission secondary to gallbladder disease). We hypothesized that a possible risk of gallbladder disease with use of oral contraceptives would require at least six months of continuous use of these drugs. Thus, exposure was defined at baseline (after 180 days of exposure). To avoid misclassification bias, we excluded participants who either had an event or left the cohort before 180 days of exposure.
Models were adjusted for available covariates to control for confounding; the covariates were age, calendar time, sickle-cell anemia, diabetes mellitus, inflammatory bowel disease, obesity, pancreatitis, smoking and use of statins and fibrates. Levonorgestrel was used as the reference group because it is the most common progestin used in oral contraceptives. 2 As a sensitivity analysis, we repeated the study to include women who had two years of continuous use of oral contraceptives. We adjusted all analyses for known confounders.
As an alternative analysis, we developed a propensity score model based on the probability of a participant being exposed to drospirenone or another oral contraceptive. We then used this propensity score as an alternate means of adjusting the Cox model. Proportionality of hazards were examined graphically by means of log-log survival curves, and no meaningful deviations from proportionality were observed after baseline.
As a final sensitivity analysis, we considered a short time window in case the association between oral contraceptives and gallbladder disease was due to acute exposure to the study drug. For this analysis, we defined exposure as the first day of exposure to a study drug, and we followed participants for 180 days (until censoring, the end of the study period or cholecystectomy).
Results
The The adjusted RRs for gallbladder disease in the primary analysis, involving women continuously exposed to a study drug for six months, are shown in Table 2 and Figure 1 . Compared with the use of levonorgestrel, a small, statistically significant increase in the risk of gallbladder disease was associated with the use of desogestrel, drospirenone and norethindrone. A total of 567 447 women continuously took an oral contraceptive for two years, with 792 871 person-years of follow-up. The mean time to cholecystectomy in this group was 510 days. In this sensitivity analysis, a small, statistically significant increase in the risk of gallbladder disease was associated with the use of drospirenone and ethynodiol diacetate ( Table 3) .
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The association between drospirenone use and gallbladder disease was reduced in both the adjusted and propensity score models, with a number needed to harm of 550 compared with levonorgestrel. There was no clinically meaningful difference in the risk of gallbladder disease with different oral contraceptives in the propensity score analysis (Tables 2 and 3) .
The results were also consistent in the secondary analysis, in which the outcome was defined as hospital admission secondary to gallbladder disease (Table 4) .
A one-sided test of interaction did not show interactions between participants' age and oral contraceptive type.
Finally, the adjusted RRs in the sensitivity analysis for acute exposure showed no association be tween type of oral contraceptive and gallbladder disease aside from drospirenone, for which a protective effect was observed (desogestrel, RR 0.93, 95% CI 0.86-1.00; drospirenone, RR 0.87, 95% CI 0.81-0.93; ethynodiol diacetate, RR 0.92, 95% CI 0.78-1.01; nor ethindrone, RR 1.10, 95% CI 1.04-1.18; norgestimate, RR 0.78, 95% CI 0.73-0.83; and norges trel, RR 0.95, 95% CI 0.87-1.07).
Interpretation
In this large cohort of women using oral contraceptives, we found a small, statistically significant increase in the risk of gallbladder disease associated with desogestrel, drospirenone and norethindrone compared with levonorgestrel. However, this difference is unlikely to be clinically important. Moreover, given the observational nature of this study and the fact that adjusting for covariates leads to estimates being closer to the null suggests that residual confounding may explain, at least in part, these small differences.
Studies have shown that long-term use of an oral contraceptive is associated with an increased risk of gallbladder disease compared with no use. A cohort study using data from the Nurse's Health Study found a slight in crease in the risk of gallstones among women who had used oral contraceptives for 15 years or longer (RR 1.5, 95% CI 1.10-2.20). 5 Similarly, a meta-analysis of 26 observational studies found a 36% increase in the development of gallbladder disease among women who were using oral contraceptives compared with those not taking these drugs. 4 Both estrogen and pro gesterone have been shown to increase the risk of gallstones. 12 Estrogen has been shown to increase cholesterol production in the liver, with excess amounts precipitating in bile and leading to the formation of gallstones. 13 Progesterone has been shown to decrease gallbladder motility, which impedes bile flow and leads to gallstone formation. 14 In our study, there was a high discontinuation rate in the primary cohort, such that only 20% of the original cohort was continuously exposed to an oral contraceptive for two years. Given the likelihood of adverse events and availability of a wide range of oral contraceptives, women are increasingly unlikely to continue with only one type of oral contraceptive. 15 In one study, up to 46% of women who started taking an oral contraceptive stopped the drug after six months. 15 Our data do not show that the increased risk of gallbladder disease associated with drospirenone is clinically meaningful compared with other formulations of oral contraceptives. Dros pirenone had worldwide sales of $2 billion in 2009, making it one of the most prescribed oral contraceptives in North America. 7 The surge in the number of reported cases of gallbladder disease facilitated through the media may have contributed in making drospirenone appear to be associated with a higher risk of gallbladder disease compared with older contraceptives. 
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Strengths and limitations
Use of the IMS LifeLink Health Plan Claims Database allowed us to examine the risk of gallbladder disease among close to 2.5 million women continuously exposed to different formulations of oral contraceptives, including the newer drospirenone. This attribute of the database, crucial in a study comparing the safety of oral contraceptives, is difficult or impossible to achieve with other equally valid databases owing to sample size limitations. In addition, the increase in the risk of gallbladder disease associated with covariates such as reported smoking and obesity is consistent with findings in the literature and adds face validity to our study. 16 We also took several steps to control for confounding bias that may threaten the validity of pharmacoepidemiologic cohort studies. 17 By design, this study was restricted to all women using oral contraceptives, allowing study participants to share similar characteristics (Table 1) . This type of restriction has been used to reduce the risk of confounding by indication in pharmacoepidemiologic studies. 18 The use of an active comparator will ensure that any confounding by indication or contraindication is minimized. We also conducted sensitivity analyses in which we examined the risk of gallbladder disease with different exposure periods. The slight protective effect observed with only one prescription of drospirenone may have been due to random error or possible channeling bias, including the possibility that clinicians may have been less likely to prescribe drospirenone to women who may have been more prone to gallbladder disease.
Immortal time bias is another bias that has been noted in various pharmacoepidemiologic studies. 19 This is a bias whereby users of a drug may have a specious survival advantage over nonusers by study design owing to misclassification of exposure time, which makes the intervention seem protective. 18, 19 In our study, misclassification was avoided by defining exposure to six months of continuous use as well as computing exposed person-time at the index date.
The prescribing of oral contraceptives may be influenced by heavy marketing from manufacturers. By controlling for calendar time, we were able to control for secular trends in prescribing of oral contraceptives that may usually favour the prescribing of one oral contraceptive over another.
As with all pharmacoepidemiologic studies that use claims data, our study has limitations. The ICD-9 codes for gallbladder disease in most administrative databases, including the IMS LifeLink Health Plan Claims Database, have not been validated. This is primarily the reason why we used CPT (Common Procedures and Terminology) codes for the primary analysis; CPT codes have been shown to be well correlated with gallbladder disease. 11 Body mass index and ethnicity are two variables that we could not control for in this study. Body mass index is a possible confounder because drospirenone was marketed for having the least effect on weight, which may have prompted clinicians to prescribe it to heavier women. Such a bias, if present, would have made drospirenone appear more harmful with respect to gallbladder disease.
Residual confounding with other known and unknown variables may also have affected our results. For example, our data lacked information on diet, which is a potential confounder in this study. Also, we only had data on reported smoking and obesity.
Despite these limitations, given the small magnitude of the relative risks in this large co - hort study, it would require a large and prevalent confounder to alter the interpretation of the study data.
Conclusion
In a large cohort of women using oral contraceptives, we found a small, statistically significant increase in the risk of gallbladder disease associated with the use of deso gestrel, drospirenone and norethindrone compared with levonorgestrel. However, the small effect sizes compounded with the possibility of residual biases in this observational study make it unlikely that these differences are clinically significant.
